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The paper analyses the importance of innovation cooperation on the innovation activ-
ity of Slovenian ﬁrms, and puts it within the broader context of ﬁrm’s innovation
activity determinants. Probit estimations based on ﬁrm-level data conﬁrm that, next
to R&D spending, innovation cooperation is the most important factor in ﬁrms’ prob-
ability to innovate. This paper is the ﬁrst to explicitly analyse the effect of variety
and different types of innovation cooperation. Within innovation cooperation, a sig-
niﬁcant and positive effect on innovation activity is conﬁrmed for domestic as well
as for international innovation cooperation, for public as well as private cooperation,
especially with customers, suppliers and advisors, but not for cooperation with public
institutions such as universities and R&D institutes. Innovation cooperation should,
thus, be more intensively promoted, especially in countries that lag behind in own
R&D spending.
Keywords: innovation cooperation; innovation activity; foreign direct investment;
innovation partner; R&D
JEL classiﬁcation: D2, L2, O3
1. Introduction
Innovation cooperation has become an increasingly prominent feature of ﬁrms’ innova-
tion activity. It varies from wholly-owned subsidiaries, across various types of equity
and non-equity agreements, to transactions, where independent ﬁrms engage in arms-
length transactions (Narula, 2003). Although R&D continues to be centralised and inter-
nalised, and tends to remain at home (Cantwell &Molero, 2003; Narula, 2003), innova-
tion cooperation has proliferated in the last 40 years (Hagedoorn, 2001). The general
increase of R&D partnerships has been accompanied by a strong increase in the share
of non-equity R&D partnerships from about 20% at the beginning of 1970s to more
than 90% in 1998 (Hagedoorn, 2001; Narula, 2003). According to the Community Inno-
vation Survey 2008 (CIS2008), only 14.2% of EU27 ﬁrms innovation cooperations in
2006–2008 were cooperations with other ﬁrms within the ﬁrm group. A survey on
innovation activity (CIS2008) shows the dominance of national and, to a lesser extent,
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European partners in innovation cooperation; as much as 56.5% of EU27 ﬁrms’ innova-
tion cooperations in 2006–2008 were within national boundaries of individual countries
and another 26.0% were with partners from other European countries (Eurostat, 2011).
Growing innovation cooperation has been closely related to the process of globalisa-
tion, the convergence of consumer preferences, the pace and scope of technological
change, the increasing similarity of technologies across countries and the cross-fertilisa-
tion of technology between sectors, leading to increasing costs and risks associated with
innovation (Narula, 2003; Veugelers, 1997). Once a provisional or transitional step,
innovation cooperation has become a core component of corporate innovation strategy.
Our empirical study focuses on the heterogeneous effects of different types of innova-
tion cooperation, which is innovative in the literature. The aim of the paper is to esti-
mate the relevance of innovation cooperation for ﬁrms’ innovation activity. More
precisely, the paper attempts to answer the following questions: (i) what is the impact of
innovation cooperation on innovation performance? (ii) What are the types of innovation
cooperation? And (iii) which innovation partners have the most important impact on
ﬁrms’ innovation performance? Here, we distinguish between vertical cooperation with
other ﬁrms (suppliers and customers) and horizontal cooperation with competitors,
between cooperation with ﬁrms and with universities and public research institutions,
between international and domestic cooperation, and between cooperation with
European ﬁrms versus ﬁrms from more distant countries.
In our model, we put innovation cooperation in the context of the traditional deter-
minants of a ﬁrm’s innovation activity, such as own R&D, size and technological char-
acteristics of industry. We expand determinants of innovation activity by examining the
role of both inward and outward foreign direct investment (FDI), and by distinguishing
between vertical and horizontal innovation cooperation, between domestic and interna-
tional cooperation, and among different types of cooperating partners. We also study the
impact of geographical proximity for innovation cooperation. The relevance of selected
determinants of innovation activity and the change in probability to innovate due to
innovation cooperation is estimated with probit models and by using ﬁrm-level data
from Community Innovation Surveys for Slovenia in 1996–2008, ﬁrms’ ﬁnancial state-
ments and data on FDI status.
The paper is structured as follows. This introduction is followed by a theoretical
framework and empirical evidence about innovation cooperation as a determinant of a
ﬁrm’s innovation performance. Section 3 presents the data, the descriptive statistics and
provides the model. Section 4 discusses the results and Section 5 concludes.
2. Theoretical Background, Existing Empirical Evidence And Hypotheses
2.1. Theoretical concepts
The underlying theories explaining innovation cooperation are, on the one hand, the
transaction costs/internalisation perspective (lowering and/or sharing the costs of R&D
activities, new space-shrinking technologies, harmonisation of regulations, liberalisation)
and, on the other hand, the organisational capability and technology-based view of the
ﬁrm (enhancing the value of the ﬁrm) (Hagedoorn, 2001; Narula, 2003; Veugelers,
1997). Conceptually, the innovation cooperation phenomenon is best explained within
the industrial organisation framework. D’Aspremont and Jacquemin (1988) recognised
that relations among ﬁrms are seldom of a wholly cooperative or non-cooperative type.
They analyse the impact of cooperative and non-cooperative R&D in the framework of
a duopoly with spillovers on social welfare. Contrary to expectations, which predict the
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reduction of R&D expenditures (less wasteful duplication) and production (more
monopoly power) in the case of cooperative R&D, the result is a welfare gain due to
R&D spillovers from cooperating ﬁrms to the others. The issue of spillovers and coop-
eration versus non-cooperation in R&D has been further elaborated by Kamien, Muller,
and Zang, (1992) and Lahiri (2003). In Kamien, Muller, and Zang (1992), research
efforts that precede production are subject to spillovers and a research joint venture that
cooperates in its R&D decisions yields the highest consumer plus producer surplus.
According to Lahiri (2003), allocation of R&D expenditures on a cooperation compo-
nent of R&D increases as the spillover rate on the competitive component increases.
Thus, the higher the probability of spillovers the higher the motivation for R&D cooper-
ation.
The key issue in explaining innovation cooperation has to do with the explanatory
mechanisms related to the ﬁrm’s choices between internal R&D activities and external
sources of R&D, innovation, and technology (Petit & Sanna-Randaccio, 2000;
Sanna-Randaccio & Veugelers, 2003; Veugelers, 1997; Veugelers & Cassiman, 1999).
The literature on internal, in-house R&D versus external R&D sourcing has too often
been concentrated on the choice between the two, ‘make’ or ‘buy’, options while – as
explicitly pointed by Veugelers (1997), Veugelers and Cassiman (1999) and also recog-
nised by D’Aspremont and Jacquemin (1988) – it is, in fact, the complementarity of the
two, and not substitution between the two, that is more in line with the actual situation.
This points to the issues of the optimal integration of external knowledge and the
adequate absorption capacity of ﬁrms using external R&D sourcing, i.e. own R&D
activities are needed to efﬁciently use the external sources of knowledge (Chesbrough,
2006; Cohen & Levinthal, 1990; Kamien & Zang, 2000; Mowery & Rosenberg, 1989;
Radnor, 1991; Veugelers & Cassiman, 1999).
2.2. Empirical evidence
Own R&D remains a crucial determinant of a ﬁrm’s innovation capacity but also of its
capacity to absorb external knowledge, of its ability to identify, assimilate, and exploit
outside knowledge. Along these lines, empirical research on the impact of innovation
cooperation on a ﬁrm’s innovation capacity, as a rule, ﬁnds a strong positive relationship
between innovation networking and innovation output. Powell and Grodal (2005, pp.
65–68) provide an extensive overview of studies claiming that innovation networking
has a positive impact on a ﬁrm’s innovation activity, yet a systematic study that would
evaluate various types of external innovation cooperation simultaneously is lacking.
Darby, Zucker, and Wang (2003) report on a positive impact of innovation cooperation
on patenting of US ﬁrms; Kremp and Mairesse (2004) on a statistically signiﬁcant and
positive impact of French ﬁrms alliances for knowledge acquisition on their propensity
to innovate; Adams and Mircea (2004) on the increase of innovation by US ﬁrms as a
result of research joint ventures; Lokshin et al. (2008) that engagement of German ﬁrms
in partnerships is beneﬁcial for innovative performance and that ﬁrms with more diversi-
ﬁed external activities (in terms of different types of partners) perform best; Belderbos,
Carree, and Lokshin (2004) that cooperation of Dutch ﬁrms with competitors, and with
universities and research institutes positively affects growth in innovative sales per
employee; and Winters and Stam (2007) that innovation networks are positively related
to product and process innovation of high technology SMEs. Arvanitis and Bolli (2009)
compare the determinants and the effects of innovation cooperation on innovation per-
formance at ﬁrm level in Belgium, Germany, Norway, Portugal and Switzerland and
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ﬁnd that international cooperation and cooperation with universities show a signiﬁcantly
positive effect on innovation performance in three out of ﬁve countries. Fitjar and
Rodriguez-Pose (2011) examine the sources of ﬁrm product and process innovation in a
large sample of Norwegian ﬁrms and ﬁnd that engagement with external agents is clo-
sely related to ﬁrm innovation, and that collaboration with extra-regional agents is much
more conducive to innovation than collaboration with local partners. Cotič Svetina and
Prodan (2008) investigate the contribution of different knowledge sources to innovation
performance of a sample of Slovenian ﬁrms and claim that ﬁrms need to supplement
internal knowledge with external knowledge, primarily acquired from ﬁrms and institu-
tions in the global environment.
Most of the empirical analyses demonstrate a positive relation, and a mutual rein-
forcing of internal R&D activities, while also indicating absorption capacity, and exter-
nal sources of R&D. In other words, it is not only that innovation cooperation
stimulates ﬁrm’s innovation activity but also, vice versa, ﬁrm’s innovation activity stim-
ulates its innovation cooperation (Powell & Grodal, 2005). The issue has been tackled
most comprehensively by Veugelers (1997) and Veugelers and Cassiman (1999) who,
based on data for Flamish and Belgium ﬁrms, ﬁnd that ﬁrms tend to combine internal
and external sources of technology and that R&D cooperation has a signiﬁcant positive
effect on internal R&D only if the companies have sufﬁcient absorptive capacity, i.e.
internal R&D. Hou and Mohnen (2011) come to the same conclusion in the case of
complementarity between in-house R&D and external technology acquisition in Chinese
manufacturing ﬁrms. Becker and Dietz (2004) ﬁnd that the intensity of in-house R&D
of German ﬁrms stimulates the probability and the number of R&D cooperations with
other ﬁrms and institutions, while Jiang and Li (2009) (also for German ﬁrms), claim
that knowledge sharing, knowledge creation and their interaction signiﬁcantly contribute
to partner ﬁrms’ innovative performance. Similarly, Frenz and Ietto-Gillies (2009) claim
that interactions between the own-generation of knowledge by UK ﬁrms and external
sources increase the innovation potential of enterprises.
Some studies also ﬁnd no or little evidence for a positive impact of a ﬁrm’s innova-
tion cooperation on its innovation activity. On a large sample of Dutch SMEs, Kemp,
Folkeringa, de Jong, and Wubben (2003) ﬁnd no signiﬁcant effect of innovation cooper-
ation on innovation activity. The same goes for Janz, Lööf, and Peters (2003) in the
case of the impact of innovation cooperation of German and Swedish innovative ﬁrms
on their innovation output. On a large sample of Spanish manufacturing ﬁrms,
Vega-Jurado, Gutierrez-Garcia, Fernandez-de-Lucio, and Manjarres-Henriquez (2008)
suggest that the higher the ﬁrm’s own technological competencies the less important are
technological opportunities deriving from non-industry agents. Results of the analysis of
UK enterprises by Frenz and Ietto-Gillies (2009) suggest that, while intra-company
knowledge sources, own-generation, and bought-in R&D matter in innovation perfor-
mance, the beneﬁts of joint innovation efforts in the form of cooperation are less clear.
The impact of innovation cooperation on a ﬁrm’s innovation performance depends
on the ﬁrms’ characteristics and may differ by the type of cooperation and partners. Dis-
tance and similarity among partners may also play a role. A systematic study on impact
by types of cooperation and types of partners does not exist; however, the existing liter-
ature suggests that: (i) vertical cooperation with suppliers and customers may be more
efﬁcient than horizontal cooperation with competitors (Arranz & Fernandez de
Arroyabe, 2008; Fitjar & Rodriguez-Pose, 2011; Janz, Lööf, & Peters, 2003; Miotti &
Sachwald, 2003); (ii) cooperation with universities and public research institutions may
be as useful, sometimes even more useful, than cooperation with ﬁrms (Arvanitis &
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Bolli, 2009; Ayari, 2010; Belderbos, Carree, Diesderen, Lokshin, & Veugelers, 2004;
Bercovitz & Feldman, 2007; Fabrizio, 2009; Fitjar & Rodriguez-Pose, 2011); (iii) the
extent of innovation cooperation tends to rise as geographical distance falls (Cantwell &
Molero, 2003), but evidence about cooperation with domestic versus international part-
ners is mixed. Vinding (2002) claims that domestic partners tend to have greater posi-
tive impact on innovative performance than foreign partners, while Arvanitis and Bolli
(2009), Miotti and Sachwald (2003), Lööf (2009), and Fitjar and Rodriguez-Pose (2011)
claim the opposite. Finally, it seems that ﬁrms may proﬁt from multiple ties in innova-
tion cooperation.
2.3. Research hypotheses
Based on the literature review above, the hypotheses to be tested in our empirical model
are the following.
 Innovation cooperation has a positive impact on innovation performance of Slove-
nian ﬁrms.
 Vertical cooperation with other ﬁrms (suppliers and customers) has a stronger
impact on innovation performance than horizontal cooperation with competitors.
 Innovation cooperation with ﬁrms has a more positive impact on innovation per-
formance than cooperation with universities and public research institutions.
 International cooperation has a more positive impact than domestic cooperation.
 Innovation cooperation with European ﬁrms has stronger effects than cooperation
with ﬁrms from more distant countries.
Innovation cooperation explored by varieties of partners as a determinant of Slove-
nian ﬁrms’ innovation performance will be tested in the model, which contains all the
standard determinants of ﬁrm’s innovation activity. We will include own R&D, as a cru-
cial determinant of ﬁrm’s innovation activity/capacity and of its capacity to absorb
external knowledge (Cohen & Levinthal, 1989) but also other standard explanatory vari-
ables of a ﬁrm’s innovation activity, such as a ﬁrm’s size, internationalisation and mar-
ket position (export intensity, inward and outward FDI) and industry characteristics.1
3. Data, descriptives and model speciﬁcation
This paper empirically tests the importance of innovation cooperation for Slovenian
ﬁrms’ innovation activity and examines whether the type of cooperation and partner
matter. The model takes into account all standard innovation activity determinants,
expands them to examine the role of inward and outward FDI, and pays special atten-
tion to innovation cooperation and its varieties. Existing empirical evidence of Slove-
nian ﬁrms’ innovation activity conﬁrms the importance of the main standard
explanatory determinants, i.e. innovative ﬁrms are likely to be larger and to invest much
more in R&D, and they are more inclined to export and are more likely to be foreign-
owned. The innovation activity of ﬁrms is also persistent over time (Damijan, Jaklič, &
Rojec, 2006).
Our empirical analysis combines three ﬁrm-level data sources: Community Innova-
tion Surveys (CIS) conducted by the Slovenian Statistical Ofﬁce (SORS) from 1996 to
2008, ﬁnancial statements collected by Agency of the Republic of Slovenia for Public
Legal Records and Related Services (AJPES), and information on FDI status (parent
company or foreign afﬁliate) provided by the Bank of Slovenia.2 With above EU
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average level of innovation cooperation and below EU average level of innovation
activity, the case of Slovenia is particularly appropriate for examination. According to
CIS 2008, 39.5% of Slovenian ﬁrms make some kind of technological innovation (later
referred to as ‘innovative ﬁrms’), which is at par with the EU27 average of 40.4%,
while 53.4% of Slovenian innovative ﬁrms are involved in external innovation coopera-
tion, as compared with 30.1% EU27 average (Table 1).
Data on innovation cooperation of Slovenian ﬁrms are available from seven CIS sur-
veys from 1996, 1998, 2000, 2002, 2004, 2006 and 2008. In 2000–2008, the fraction of
innovative ﬁrms engaged in any type of external innovation cooperation increased from
43.4% to 53.4%. The density of innovation cooperation exhibits a much stronger
upward trend; i.e. the number of various types of cooperation per cooperating ﬁrm
increased from 1.68 in 1996 to as much as 3.79 in 2008, compared with the 2.77 EU27
average in 2008.
We classify innovation cooperation partners along three different dimensions: (i)
cooperation with public and private entities, where the frequency of the latter clearly
dominates; (ii) cooperation with domestic, international or both types of partners, where
domestic cooperation is more frequent than international, but the difference is not very
high; and (iii) cooperation with speciﬁc types of innovation partners. Here, the most
Table 1. Innovation activity and innovation cooperation by type of partners of Slovenian ﬁrms
in 1996–2008 and EU27 ﬁrms in 2008.
Slovenia
EU27
1996 1998 2000 2002 2004 2006 2008 2008
Number of ﬁrms in the CIS 1398 1708 2438 2535 2103 2185 2277
Innovative ﬁrms* as % of all surveyed
ﬁrms
22.2 23.1 20.8 20.5 29.2 39.2 39.5 40.4
% of innovative ﬁrms engaged in
innovation cooperation
44.7 45.7 43.4 44.0 52.1 52.3 53.4 30.1
% of innovative ﬁrms engaged in
innovation cooperation with**:
1a) Public entities 24.4 n.a. 28.8 26.9 26.9 28.7 29.6 n.a.
1b) Private entities 35.4 n.a. 60.2 44.4 49.3 55.8 52.8 n.a.
2a) Domestic entities 42.1 n.a. 56.6 42.7 45.9 51.1 49.8 n.a.
2c) International entities 16.7 n.a. 39.6 31.0 37.6 46.0 44.0 n.a.
3a) Suppliers of equipment, materials,
components,software
15.4 n.a. 30.6 23.5 41.0 48.2 46.1 18.4
3b) Clients or customers 6.8 n.a. 35.5 26.5 34.4 42.3 41.0 17.2
3c) Competitors or other ﬁrms of the
same sector
0.6 n.a. 9.7 6.9 22.1 27.8 28.1 8.6
3d) Other ﬁrms 19.6 n.a. 10.8 20.8 19.2 23.0 24.8 11.9
3e) Consultants, commercial labs, or
private R&D institutes
10.3 n.a. 28.0 21.7 22.8 26.5 28.8 10.4
3f) Universities or other higher
education institutions
12.5 n.a. 23.7 21.0 24.0 27.7 28.1 10.6
3 g) Government or public research
institutes
16.4 n.a. 15.8 14.4 14.7 17.9 20.6 6.4
Innovation cooperation density*** 1.68 n.a. 2.35 2.85 3.51 3.68 3.79 2.77
Notes:
*Firms with any kind of technological innovation.
**Innovation cooperation partners are classiﬁed along three dimensions.
***Average number of types of cooperation partners per cooperating ﬁrm.
Source: SORS, Eurostat, http://epp.eurostat.ec.europa.eu/portal/page/portal/science_technology_innovation/data/
database.
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frequent cooperation is cooperation with suppliers and clients, followed far behind by
competitors, consultants, commercial labs and universities, and other ﬁrms. Finally there
are government or public research institutes (see Table 1). From CIS 2000 onwards,
cooperation partners are further distinguished by geographical location. On average in
2000–2008, 31.8% of innovative ﬁrms claim to have innovation cooperation with
domestic partners, 12.0% with European partners, 5.3% with US partners and 5.9% with
partners from other countries. As expected, the frequency of innovation cooperation falls
with distance.
Since our data come from a panel of ﬁrms in several time periods, the dependent
variable is equal to 1 if a ﬁrm has made any innovation of products (services) or pro-
duction processes in period t, and 0 otherwise. Explanatory variables include ﬁrms’
characteristics discussed in previous chapters and some control variables, which are:
 a dummy for previous innovation activity (using innovation information from pre-
ceding CISs),
 capital intensity (capital per employee),
 skill intensity or human capital (wages per employee)
 relative productivity (ﬁrm’s value added per employee relative to average produc-
tivity of the particular sector (three-digit level), ‘rval’),
 share of R&D expenditures in total sales (R&D intensity),
 size of R&D department (R&D staff),
 export propensity (export revenues in total revenues),
 dummy for foreign ownership (foreign afﬁliate, inward FDI),
 dummy for direct investment abroad (parent enterprise, outward FDI),
 dummy variable for innovation cooperation, baseline being no innovation coopera-
tion,
 dummy variables that disaggregate innovation cooperation on:
○ public, private, or both; baseline being no innovation cooperation,
○ domestic, international, or both, baseline being no innovation cooperation,
 dummy variables for technological and knowledge intensity of sectors in which
ﬁrms operate. The OECD (2005) classiﬁcation (NACE Rev. 1.1.) of technology
and knowledge intensive sector is used: high, medium-high, medium-low, and low
technology for manufacturing and knowledge-intensive and less-knowledge-
intensive for services3 (baseline for all categories are utilities and construction
industries, which account for almost 5% of the sample). For completeness, a
dummy for natural resources industries (Agriculture, hunting and forestry; Fishing;
Mining and quarrying) is also included,
 dummy variables for speciﬁc geographic location of the partner: domestic,
European, USA, other countries (various baselines),
 dummy variables for speciﬁc type of partner: suppliers, customers, competitors,
advisors universities, government, and other partners (various baselines).
Since the innovation cooperation questions always span the period of two previous
years, averages of all variables are taken over these years for each CIS variable that is
not year speciﬁc.4
In modelling a binary response, one can use a linear or a nonlinear model. In the
ﬁrst case, we are dealing with a linear probability model (LPM) and in the second, with
either a logit or probit model. There are several disadvantages to using a LPM, namely
that errors are heteroscedastic by construction, that it can predict probabilities out of the
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[0,1] interval and that probability is linearly related to continuous variables for all val-
ues. Probit and logit solve these issues, which is why we concentrate on a non-linear
model, and only use the linear one in case of robustness cheques and ﬁxed effects.
We can set up a non-linear latent variable model as in equation (1), where the latent
variable y* captures a binary occurrence whether a ﬁrm innovates or not, either in terms
of one of its products, services or processes, dependent on some explanatory variables.
The choice rule for innovation is y = 1 when y* > 0 (e[  x0b) and y = 0 when y* ≤
0 (e  x0b).
Y  ¼ b0 þ b1x1 þ    þ bnxn þ e ¼ x0bþ e (1)
We then make an assumption that the error term e has a normal distribution resulting in
probit. We can write the probability of a ﬁrm innovating as in equation (2), where we
exploit the symmetry of the cumulative distribution function UðeÞ, which is the integral
of the probability density function /ðeÞ
Prðy ¼ 1jxÞ ¼ Prðy[ 0jxÞ ¼ Prðe[ x0bÞ ¼ 1 UðxbÞ ¼ Uðx0bÞ (2)
The marginal effect of a change in an explanatory variable xj on the probability to inno-
vate can then be written as in equation (3), where we evaluate the probability density







However, equation (3) for the marginal effect does not hold for non-linear terms, where
bj would then have to be replaced with bj þ 2bjxj for the case of a quadratic term x2j ,
and equivalently for higher orders. More importantly, it cannot be used to interpret nor
test the marginal effects of interaction terms, which is very frequently overlooked in the
literature. Norton, Wang, and Ai (2004) show with simple derivations how the marginal
effect on the interaction term in non-linear models is not simply the reported coefﬁcient,
which can easily be of a different sign and/or even insigniﬁcant (or zero), compared
with the true marginal effect. The problem can persist even when using the odds ratio
or incidence-rate ratios, although Buis (2010) claims that the interaction can be used in
this case, with the caveat that the multiplicative effect is different from the marginal
effect, that is, the multiplicative effect controls for the difference between the groups in
the baseline odds, while the marginal effect does not. We are careful with the estimation
of the innovation cooperation dummy interaction terms (public and private, domestic
and international) and use the Norton, Wang, and Ai (2004) method for calculating the
average interaction effect, but in robustness cheques also include the odds ratio method
for comparison.
Although most innovation surveys (including other CIS surveys across Europe) in
the literature suffer from sample selection bias, as only ﬁrms with innovation activity
are surveyed, this does not represent an obstacle with our data. The data we are using
cover a sample of both innovative and non-innovative ﬁrms, in fact only around 30% of
the ﬁrms in our total sample innovate. Thus, the data offer a unique opportunity to eval-
uate the heterogeneity of innovation cooperation and its impact on innovation perfor-
mance and, as opposed to other innovation surveys, we do not need to employ sample
selection procedures such as the Heckman method, since we have ﬁrms that innovate
and ﬁrms that do not innovate in our sample.
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4. Results
The results of probit estimations based on ﬁrm-level data for Slovenian manufacturing
and non-manufacturing ﬁrms in the period 1996–2008 are given in Table 2, where all
the coefﬁcients are already reported as marginal effects, and all regressions include time
ﬁxed effects. Regressions (1) and (2) do not yet disaggregate innovation cooperation on
different types, while regressions (3) and (4) use the domestic versus international disag-
gregation, and regressions (5) and (6) public versus private disaggregation. In all three
sets of regressions we run the regression on the maximum available number of observa-
tions that still include innovation cooperation, and then on a subsample where three
additional variables can be included: innovation in the previous period, R&D as a share
of sales, and R&D employees. When these three variables are included, both past inno-
vation and the number of people working in the R&D unit affect the probability to
innovate positively and are signiﬁcant, as expected, whereas R&D as a share of sales is
mostly signiﬁcant or bordering on signiﬁcance. The number of available observations
decreases from more than 6000 to 2000 when these variables are included, therefore our
interpretation concentrates more on the estimations based on the larger sample.
In practically all estimations, capital per employee, wage and relative VA per
employee are not conﬁrmed as signiﬁcant predictors of innovation activity. On the other
hand, all three variables of ﬁrm internationalisation are signiﬁcant, as export intensity
and outgoing FDI affects innovation activity positively, while incoming FDI negatively.
Outward FDI with own subsidiaries abroad brings the proximity of foreign customers
and competitors, which may stimulate innovation. On the other hand, being a foreign
subsidiary, i.e. a part of a multinational enterprise (MNE) per se does not predict higher
innovation activity, in fact quite the opposite. This points to the type of foreign subsidi-
aries prevailing in Slovenia, which are rarely competence centres or innovation units
(see Majcen, Rojec, Jaklič, & Radošević, 2005). In terms of sectoral technological inten-
sity, ﬁrms from high- and medium-high tech manufacturing sectors are the most likely
to innovate, while the natural resources sector and sectors of services that are less
knowledge intensive are least likely to innovate.
Our variables of interest are those on innovation cooperation, the ﬁrst one being in
regression (1). Judging on the full sample, the ﬁrms that cooperate in innovation, have a
whopping and statistically signiﬁcantly higher probability to innovate, namely, those
ﬁrms are almost 80% more likely to innovate than the ﬁrms that do not cooperate. Since
both innovative and non-innovative ﬁrms ﬁll in all the parts of the survey, although it
must be noted that, intuitively, ﬁrms that do cooperate on innovation would be more
likely to innovate, this should not be taken for granted and should be empirically cor-
roborated, as our results imply that this positive relationship is still far from linear,
implying there is variation left to be explained. We continue with our empirical focus
on the heterogeneous effects of different types of innovation cooperation, which is more
interesting as well as innovative in the literature.
It is also important to note that it is not completely straightforward to disaggregate
innovation cooperation on different types, as the baseline category has to be the con-
stant. This implies that in the disaggregation on domestic and international (or public
and private), another category has to be added, which is domestic interacting with inter-
national (or public interacting with private), with the baseline being no cooperation,
which can be seen in regressions (3) and (4). This requests the introduction of a special
code to estimate the interaction, and there can be only one interaction per regression.
The new estimate is thus an average of estimates for all observations and has no single
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standard error, as its signiﬁcance varies from observation to observation. Nevertheless,
even if we take the average interaction effect, which reduces the combined effect of
both types of innovation cooperation disaggregation, the total effect is still positive. In
terms of which type of cooperation is more important, domestic cooperation is more
salient than international cooperation, and private cooperation is much more important
than public cooperation.
Although types of partners cannot be simply included in the regressions and esti-
mated, due to technical limitations, as with for instance three types of partners (1,2,3),
there are already eight unique categories ({1},{2},{3},{1,2},{2,3},{1,3},{1,2,3},{Ø}) or
four interaction dummies to be estimated, which becomes technically increasingly
nuanced, difﬁcult to compare and interpret. Thus, for the inclusion of speciﬁc types of
cooperation partners and speciﬁc geographical location of partners, we simply include
the dummies and not the interactions, so we can only get a general idea of the impor-
tance of each factor, as the baseline then varies from dummy to dummy, and the coefﬁ-
cients are not directly comparable amongst each other, or, when they are compared, the
comparisons are only indicative.
Table 3 shows only the variables of interest in the regressions where speciﬁc types
of partners are included. There are two types of more speciﬁc disaggregation shown,
both on the entire sample as well as on the reduced sample, when additional controls
Table 3. Innovation cooperation partners.
(1) (2) (3) (4)























Observations 5,058 2,036 5,173 2,025
Time FE YES YES YES YES
R2 Pseudo 0.525 0.499 0.594 0.625
Notes: Robust standard errors in parentheses.
*** p<0.01; ** p<0.05; * p<0.1.
Source: Own calculations based on SORS.
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are included. The ﬁrst type is based on the nature of the partner, and the second one
based on the location of the partner. In terms of partners, the partners that increase the
probability of a ﬁrm to innovate the most are customers. In addition, cooperating with
suppliers and advisors has a positive and signiﬁcant effect on innovation, but we do not
detect a signiﬁcant effect of cooperation of either with universities or with government.
Also, cooperation with competitors seems to impede innovation activity. The second
type of disaggregation based on location conﬁrms previous results, which are that
domestic cooperation is more important than international, and that cooperating with
European partners has a signiﬁcant and positive effect on the probability to innovate,
while cooperation with the US or other countries does not affect innovation
signiﬁcantly.
Finally, endogeneity issues and robustness cheques must be taken into account. We
explicitly address two possible sources of a bias on our coefﬁcients for external cooper-
ation. There might be a contemporaneous feedback effect from innovation activity to
innovation cooperation, as more innovation might lead to a company being open to
more innovation cooperation. This is tested using the lags of the right-hand variables
which, at the very least, circumvent the contemporaneous endogeneity. The results do
not deviate much from the baseline results and are not reported in the interest of space.
Continuing the technical debate in the paper on how to correctly estimate interactions in
a probit, Table 4 offers some robustness checks for our main results, as well as estima-
tions with ﬁrm ﬁxed effects, additionally controlling for all endogeneity sources arising
from ﬁrm speciﬁcities constant in time. Again, in the interest of space, we only report
the coefﬁcients of interest. We use the odds ratio speciﬁcation in regressions (1)–(3),
and the within-estimation in regressions (4)–(6). With the odds estimation, a value of
above one corresponds to a positive marginal effect of that factor, while a value of
below one corresponds to a negative effect of that factor. Firstly, innovation cooperation
is a very salient factor in innovation activity. Moreover, the Buis (2010) method corrob-
orates our previous results, as domestic innovation cooperation has a higher impact than
international, and private a higher impact than public. In both cases, the interactions, as
before, reduce the combined effect. In the following three regressions we also control
for ﬁrm speciﬁc effects, and thus use a linear probability model, which is more suitable
for the inclusion of ﬁxed effects. The partial coefﬁcients conﬁrm our previous results in
terms of the importance of innovation cooperation, and conﬁrm our previous results in
terms of domestic cooperation being more important than international. However, there
is a change in public versus private cooperation disaggregation; as with ﬁrm ﬁxed
effects, public cooperation seems to have a larger effect than private cooperation.
Whether this is a statistical artefact or in fact a consequence of the inclusion of ﬁrm
ﬁxed effects should be further examined.
4. Conclusions
Innovation cooperation has become an increasingly prominent feature of ﬁrms’ innova-
tion activity. The aim of the paper is to estimate the relevance of various types of inno-
vation cooperation of Slovenian ﬁrms on their innovation activity. Using ﬁrm-level data
on innovation activity, combined with ﬁnancial data and data on foreign versus domestic
ownership for a large sample of Slovenian ﬁrms in 1996–2008, we arrive at several
interesting ﬁndings.
First, probit estimates reveal that overall innovation cooperation is, next to R&D
spending, the most important predictor of ﬁrms’ innovation activity. Second, other
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signiﬁcant determinants with a positive impact on ﬁrms’ innovation activity are R&D
personnel, innovation activity in the past and both outward FDI and export intensity.
Inward FDI, i.e. being a foreign subsidiary per se does not predict higher innovation
activity, but even reduces it. This points to the type of foreign subsidiaries prevailing in
Slovenia, which are rarely competence centres or innovation units. Third, within innova-
tion cooperation, a signiﬁcant and positive impact on innovation activity is conﬁrmed
for domestic as well as for international innovation cooperation, especially with EU
partners. Cooperation with domestic partners is however more salient than with foreign
partners. Fourth, cooperation with partners from the private sector, especially with cus-
tomers, suppliers and advisors, is more important than cooperation with partners from
the public sector (such as universities and R&D institutes).
The positive impact of innovation cooperation on innovation activity suggests that
the potential of innovation cooperation should be better exploited, especially in coun-
tries that lag behind in R&D spending and have less developed national innovation sys-
tems There are many challenges of how to improve the effects of innovation
cooperation, for national innovation systems, public universities and institutes and enter-
prises themselves, because domestic partners are of vital importance for innovation
performance. Strengthening the number and varieties of partners as well as capacities of
ﬁrms to cooperate are important and may be enhanced through education. The results
show that universities and public research institutions may improve as partners in inno-
vation cooperation, and that innovation performance increases with the variety of inno-
vation partners. Established cooperation in home countries leads to better international
cooperation and performance. Innovation cooperation thus needs strategic and learning
processes. This puts forward a request for further research that would explore the deter-
minants and impact of international innovation cooperation in greater detail. Knowing
ﬁrm level determinants, obstacles and the effects of innovation cooperation would help
recognise the most frequent risks and so build more efﬁcient innovation strategies. The
external (outside ﬁrm) determinants of innovation cooperation are also worth exploring
to adjust policy measures.
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Notes
1. See Veugelers and Cassiman (1999) for a detailed discussion on explanatory variables of
ﬁrm’s innovation activity. For the impact of multinationality (multinational versus other enter-
prises) and foreign versus domestic ownership see also Sanna-Randaccio and Veugelers
(2003) and Cantwell and Molero (2003).
2. Data availability varies from one source to another. In merging the three databases 1290
observations out of 15,934 were dropped (8%) due to a failure to match.
3. Two digit NACE is used for aggregation.
4. Due to space limitations summary statistics of ﬁrm level data are not included in the text. It
is available at upon request.
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